Abstract-Weld seam position detection mainly relies on initial point detection of weld seam in robotic welding automation. In industry factory, the position data for weld seam are usually detected through contact measurement sensor before welding. Such a method is not suitable in heavy industry, since length of weld seam may reach to ten meters which results in time-consuming position detection which will reduce the duty cycle of the equipment and lowered the cost-effective of welding equipment significantly. To satisfy the huge demand of market in industries mentioned above, a method based on scanning-spotlights and calibration technique with laser range finder sensors is proposed in this paper. The duty cycle of the equipment is improved significantly through separating welding motion system and weld seam position detection system. It not only meets welding position precision requirement, but also reduces the costs considerably. Moreover, the cost-effective is improved significantly.
the duty cycle time of the equipment also be lowered.
Taking into account of the shortcomings of contact sensing in weld seam position detection that it requires scanning whole weld seam before welding, the problem mentioned above may be solved through non-contact sensing. Bastos, T.F et.al [5, 6] used ultrasonic sensors for weld seam position detection which requires the sensor must be essentially parallel to work-piece surface slope at the sampling point. Although the limitation mentioned above is incorporated by the algorithm, there are still many difficulties in industrial application.
Vision sensors are widely applied in welding automation, due to its position precision stability, good performance in real-time and abundance of information. Such as laser scanning [7] [8] [9] [10] , structured light [11, 12] and infrared technology [13] all need active lighting device. However, there are many methods based on vision sensors without extra lighting device [14, 15] , which working in natural lighting conditions, but strong arc light, smog and splash have great influence during the process. Getting the information of the seam from the images is still one of the key techniques of vision sensing, although there are many methods [14, [16] [17] [18] are proposed to deal with these images. When the seam reach to ten meters, the distance between the camera and the seam is changed greatly and the resolution of the camera could not meet welding position requirements. To solve the problem mentioned above weld seam must be detected before welding and this will lowered the duty cycle of the equipment. In addition, the vision sensing is more sensitive to environment and the equipment is usually very expensive.
In this paper, a non-contact weld seam detection method is proposed which based on concurrent process. The weld seam position system is separated from the welding motion system and it detects weld seam position without welding motion system. Most of the time, the welding motion system will in working order as both of the systems work independently and the problem of time-consuming is solved fundamentally. This weld seam position detection system can meet the requirements of long distance and welding process requirements which delivered by a laser range finder (LRF). This system has high reliability as the laser is used to detect the long distance which has good environment adaption. Moreover, the cost-effective is improved definitely as one weld seam position detection system can be shared by several welding motion systems.
The paper is organized as follows: in section 2, the whole system of the weld seam position detection is described, in section 3, the process of the method is given in detail, in section 4, a numerical example is presented of this method, in section 5 concludes the paper. Fig. 1 , this system consists of two parts: the weld seam position detection (WSPD) module and the welding motion system (WMS). The WSPD is a LRF fixed on a universal-joint mechanism. The WSPD is used to detect the position of weld seam and the WMS is the kinematic execution system for welding torch. The principle of the weld seam position detection method is shown in Fig. 2 . As shown in Fig. 1 , the origin, O, of the fixed coordinate frame O-xyz coincides with the welding motion coordinate. The origin, Oe, of frame Oe-xeyeze of the WSPD locates at the light source of the LRF. As the LRF can detect the distance between the WSPD and weld seam in space and the rotation angles of the universal-joint mechanism express the direction of the LRF, the position of any point in space with respect to frame Oe-xeyeze can be achieved. Then, the location of these points will be transformed to the WMS based on transformation matrix for the WSPD and WMS which calibrated before.
A Practical Method for Weld Seam Position Detection
With the universal-joint mechanism rotating around two axes, the direction of the LRF will be changed. The direction of LRF can be described by angle and , where denotes the rotation angle of axis-A, denotes the rotated angle of axis-B and the LRF can detect the distance L between the origin of frame O e -x e y e z e and welding points. Then the positions of welding points in frame O e -x e y e z e can be expressed by , and L.
Let the WSPD point the laser spot on the marking points 't i ' as shown in Fig. 3 , then the coordinates of 't i ' with respect to frame O e -x e y e z e will be achieved, the coordinates of 't i ' in frame O-xyz will be known from WMS by letting the tool center point (TCP) of WMS points to 't i '. Then the transformation matrix for the WSPD and WMS will be calculated. The coordinates of welding points in frame O-xyz will be achieved, according to the coordinates of welding points with respect to frame O e -x e y e z e and the transformation matrix for the WSPD and WMS.
III. PROCESS OF WELD SEAM DETECTION
The process of welding seam position detection can be divided into three steps:
--1 st , calibration for the whole system. --2 rd , calculating the coordinates of weld seam with respect to frame O-xyz.
--3 th , sending the position information of weld seam to WMS. 
A. Calibration for the Whole System

1) Calibration for the WSPD:
In order to get high welding precision, the WSPD must be calibrated before detection. Then, the errors L, and will be achieved. As shown in Fig. 4 , put a scaling ruler on the ground, let the LRF point three laser spots on the three points A, B and C of the scaling ruler. Considering their errors, then the coordinates of A, B and C expressed in frame O e -x e y e z e are as follows:
( , sin sin cos cos cos
then the errors L, and can be calculated through the following equations: 
the notation 
2) Calibration for the WMS:
Let the TCP of WMS move from R 1 to R 2 along x-axis as shown in Fig. 5 , the distance between R 1 and R 2 can be get from WMS as x R , and the distance can also be calculated through the WSPD by the following equation:
the notations s( 2 + ) is the abbreviation for sin( 2 + ); short-hand notations of this kind will be adopted throughout the paper. Where 1 denotes the rotation angle of axis-A when detect the R 1 ; 2 denotes the rotation angle of axis-A when detect the R 2 ; both of L R1 and L R2 denote the distance the WSPD system detected the R 1 and R 2 respectively. Then the static error of WMS in x direction is:
the other two errors in y and z direction y and z can also be calculated by the method of x. 
B. Weld Seam Position Detection 1) Detecting the Coordinates of Weld Seam in the Frame
O e -x e y e z e : As shown in Fig. 6 , let the WSPD point the laser spot on a welding point 's', then the coordinates of 's' with respect to frame O e -x e y e z e can be described by L s , s and s as follows:
where e s V denotes the vector of coordinates of the point 's' expressed in the frame Oe-xeyeze. 
Let e V be the vector of the coordinates of the origin of frame Oe-xeyeze with respect to frame O-xyz: (6) and (8), the coordinates of 's' described in frame O-xyz which based on coordinate transformation theory [19] 
where s V denotes the vector of 's' with respect to frame O-xyz.
C. Sending the Position Information of Weld Seam to WMS
The position information of weld seam will be converted into instructions by the control system of the WSPD and sent to the control system of WMS. Then, the WMS will execute the welding operation according to the weld seam position information.
IV. NUMERICAL EXAMPLE
According to existing welding process and factory condition, assuming LRF accuracy L=0.5mm, test data are shown in Appendix, rotation accuracy after calibration are =12" and =12", the perpendicular distance H from the origin of WSPD to ground is 5m. Now, let both the rotation angles of the universal-joints change from -80 to 80 , for each change of 2 . Fig. 8(a) shows that the comparably low area for error vector sum located right under the origin of the WSPD system. Fig. 8(b) shows the contour lines of error vector sum less than 1.5mm, it is obviously that the area which the error vector sum less than 1mm can reach more than 400 m2 and meets most the requirements of the medium and large-scaled structural welding parts.
V. CONCLUSION
In this study, a practical method of weld seam position detection based on scanning-spotlights and calibration technique with laser range finder is proposed. The cost-effective of the welding equipment is improved definitely by separating the weld seam position detection system from welding motion system. Numerical example which based on normal factory condition is given, analysis result shows such a system can meet weld seam position detection requirement in area larger than 400m 2 . Therefore this method is theoretical availability. The experiment data of the LRF (type: insight-60) are given in Appendix and further experiments will be carried out in future. 
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